The ability to direct viewer gaze about an image has important application in medical image training and analysis. We use a novel gaze manipulation technique called Subtle Gaze Direction [Bailey et al. 2009 ] to guide novice users as they try to identify abnormalities in digital mammogram images. Subtle Gaze Direction is achieved by performing brief image-space modulations on specific regions of the viewer's peripheral vision in order to attract their attention. The viewer's gaze is monitored in real-time and the modulations are terminated before the viewer is allowed to scrutinize them with their high-acuity foveal vision. This approach is preferred to more overt techniques which require permanent alterations to the original images in order to highlight specific areas of interest. In our experiment we use Subtle Gaze Direction to guide novices along the scanpath of an expert radiologist. We hypothesized that this approach would increase the likelihood of novices correctly identifying irregularities in the mammograms. Keywords: gaze manipulation, radiological training, mammography, image-space modulations
Approach
Twenty novice participants (4 females, 16 males) viewed a randomized sequence of 20 pairs of mammogram images and were asked to identify what they considered to be irregularities using a mouse (see Figure 1 ). Participants were randomly assigned to one of four groups:
• Static group: 5 participants viewed the images without the use of gaze manipulation. This group served as the control group for the experiment.
• Gaze-directed group using expert scanpath : 5 participants viewed the images with gaze manipulation used to guide them to follow a similar scanpath (sequence of fixations) as the expert.
• Gaze-directed group using expert selections : 5 participants viewed the images with gaze manipulation used to guide them only to the regions marked by the expert as irregularities. The overall scanpath of the expert was not used.
• Gaze-directed group using adversarial scanpath: 5 participants viewed the images with gaze manipulation used to guide them along a scanpath that was chosen by the researchers to follow different directions and locations than that of the expert. * e-mail: sxs9716@rit.edu † rjb@cs.rit.edu ‡ e-mail: ann@viz.tamu.edu § e-mail: cmg@cse.wustl.edu 
Results
We measured the accuracy of the participants in the various groups. We observed the following effects:
• Participants who were guided by the expert scanpath performed significantly better than the participants in the static group.
• Participants who were guided by the expert selections performed significantly better than the participants in the static group.
• Participants who were guided by the expert scanpath performed significantly better than the participants who were guided by the adversarial scanpath.
• Participants who were guided by the expert selections performed significantly better than the participants who were guided by the adversarial scanpath.
A post-training lingering effect was observed among subjects guided using Subtle Gaze Direction. They continued to perform better than the control group once the training was complete and gaze manipulation was disabled. These observations hold great promise for digital mammography training and learning applications that involve directing gaze to specific regions of interest.
